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Abstracts Methods a re  developed f o r  using molecular beams t o  inves t iga te  
the  ro t a t iona l  spectra  of molecules, 
t a in ing  narrow spec t r a l  l i n e s  with a width of - 7  ke, and makes possible  t h e  
study of t h e  ro t a t iona l  spectrum of substances which normally a r e  found i n  the  
so l id  s t a t e ,  

The use of molecular beams permits ob- 

I n t  roduc t i o n  

The great  l i d t a t i o n  t o  the  use.of t he  radfo-spectroscopic method i n  t h e  

fnvestfgat ion of t he  ro t a t iona l  spectra of molecules i s  tha t  -only substances 

i n  a gasiform s t a t e  possess rotat ional  spectra ,  I n  practice,  it is necessary 

A -  Lu h a - ~ s  v q m  pressures, f a r  t h e  schstanpe 1LEdeIp Lnvestigat,fon, of ~ ~ 1 0 - 2  mm ~ g ,  

s ince  a t  lower messures  t h e  l i n e  in t ens i tv  decreases,- Therefore, i n  order t o  

inves t iga te  the  ro t a t iona l  spectra of substances which a re  so l id s  under normal 

t h a t  temperature f o r  which t h e  vapor tension of t h e  substance under studv would 

Peach -lop2 mm Hg , Such a means of inves t iga t ion  leads t o  a l o s s  i n  t h e  

resolvinq power of t he  mdio-speetyoscspe s ince the  heating of  t h e  substance 

widens t h e  gpee t ra l  l i n e s  because o f  t h e  Doppler a f f ac t  and t h e  moleeui.ar col- 

Pisfom w i t h  t he  walls of t he absorbing c e l l ,  

It should be noted tha t  t he  invest igat ion oT so l id  componnds i s  of esDe&.8? 

i n t e r e s t  s ince s u f f i c i e n t l y  simple gasif  o m  eom~mmds possessing dipole  mornen? 5 

a r e  unknown for many elements, The majority of t he  so l id  ionic  compound6 have 

l a r g e  dipole moments, f o e o  , can be invest igated bv t h e  radio-spectxoseopic 

methcd, For examnle, gas i fom eompaunds a m  u n i m ~ ~ m  f o r  the  rare-earth ~pjro'ic 

of elements which would a s s i s t  i n  making posss4..1--.e th.3 determination of t he  
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nuclear moments of these elements, 

The width of t h e  spec t r a l  l i nes  mav be decreased subs tan t ia l ly  i f  t h e  micro- 

wave absorption is  observed not i n  a gas, a s  is  done i n  radio-spectroscopy, but 

i n  a molecular beam. The l i n e  width of a molecular beam, llmonochromaticll i n  

terms of velocity,  is determined by t h e  time-span of t h e  molecule i n  the  f i e l d  

of microwave radiation. 

i n  the  f i e l d  eouals 1 cm and the veloci ty  of the  molecule i s  500 m/see then 

For example, i f  t h e  length of the  f l i g h t  of t h e  molecule 

t h e  half-width of t he  l i n e  is  found t o  be equal t o  

where .T i s  *,he tPhe of - f l igh t  of t h e  molecule i n  the  rad ia t ion  f i e l d ,  

I n  view of t h e  velocities of t h e  molecules i n  t h e  beam not being iden t i ca l ,  

i n t o  account i n  t h e  

i n  a nonmono- 

broadening 
it would appear t o  be necessary to  take t h e  Dopplep 

beam also.  

chyomatic-velscfty beam of molecules i f s u c h  waves a r e  excited i n  t h e  cavi ty  

broadening 
It i s  possible t o  get r i d  of t h e  Doppler l i ne -  

resonator o r  waveguide f o r  which the  Dhase ve loc i ty  would be i n f i n i t e  i n  the  

d i r ec t ion  of beam propagation, - T h i s  i s  a r e s u l t  of the  frequency displacement, 

as can be shown, being determined by the  r a t i o  of t h e  ve loc i ty  of t h e  beam 

molecules t o  t h e  phase velocity of the  waves i n  the d i rec t ion  of beam propagation.' 

Pa Mdeeular Beam 

The number of molecules exearring from a sPs% source of a molecular beam i n  

one second eqxalsx 

N = t nva 

where = E is t he  -average veloci ty  sf t he  b e m  moleepnlles; n i s  the  

molecule densi tv  wtth-fn t h e  sowee of t h e  molecular beam; a 53 t h e  a rea  of 

t h e  s l o t  source and M i s  the  molecule mass, 

- ._  bPoadenrng 
la It should be noted that the  D ~ p p l e r  

msleeule f iP lPng  bhe e a v i b ~  resonator o r  waveguide eduals t he  Doppler broadening 
of  the  l i n e s  of a gas i n  f r e e  space, 

of tne l i n e s  of a gas 
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The number of beam molecules f a l l i n g  normafly on an a rea  S perpendicular 

t o  t h e  plane of t he  s l o t  source equals 

where r i s  the  dis tance between the Dlane S and t h e  s l o t  source. 

The following number of molecules i s  found from t h i s  number of molecules on 

t h e  ro t a t iona l  l eve l  characterized by t h e  quantum number of t h e  r o t a t i o n a l  mom- 

entum J and t h e  v ibra t iona l  quantum number v : 

(4) 

i s  t h e  s t a t i s t i c a l  where EJ i s  t h e  ro t a t iona l  energy of t he  molecules; 

weight of t h e  ro t a t iona l  state; &rot i s  t h e  ro t a t iona l  s t a t i s t i c a l  sum; E, 

i s  t h e  v ibra t iona l  energy of  t he  molecules; i s  t h e  s t a t i s t i c a l  weight of 

t he  v ibra t iona l  s t a t e  and Qdb i s  the  v ibra t iona l  s t a t i s t i c a l  sum. 

gJ 

gv 

A s  t he  beam of molecules passes throuqh a high-frequencv f i e l d  of frequencv 

ET+, - E u-  * , t h e  number of molecules absorbing t h e  energv equals 
h 

The l a s t  equal i tv  holds because 

Therefore, as a consequence of t h e  almost-identical population of t he  

h7 e KT f o r  t h e  microwave region. 

EJ 
ro t a t iona l  leve ls ,  only an - h’ par t  of  t h e  molecules ou t  of  t h e  

and EJ+l kT 
t o t a l  number of the  molecules on the 

of t h e  nicrowave eneray. 

absorption, ac t ive  molecules. 

EJv l e v e l  takes  par t  i n  t h e  absorption 

We c a l l  those molecules which take nar t  in t h e  enerqv 

As a consequence of t h e  molecules i n  t h e  molecular beam r o t  interact in?,  a 

deviat ion i n  t h e  molecule equilibrium d i s t r ibu t ion  o v e r  t h e  energv l eve l s  i s  n o t  

removed 
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This viellds t h e  poss ib i l i t y  of increasing t h e  number of ac t ive  molecules by 

separat ing them according t o  rotat ional  s t a t e s ,  This separation of t he  mole- 

cules according t o  ro t a t iona l  s t a t e  can be obtained by passing the  molecular 

beam through an inhomogeneous e l ec t r i c  f i e l d  with f i e l d  gradient perpendicular 

t o  t h e  d i rec t ion  of beam propagation. Because t h e  Project ion of t h e  e f fec t ive  

dipole  moment i n  the  d i rec t ion  of the external  f i e l d  depends on the  quantum 

number J and i t s  project ion i n  the external  f i e l d  MJ , t he  molecules i n  the  

various ro t a t iona l  s t a t e s  are  deflected d i f f e r e n t l y  by t h e  inhomogeneous e l e c t r i c  

f i e l d  and, therefore,  the  molecules i n  spec i f ic  ro t a t iona l  s t a t e s  can be separated 

out, Such a so r t ing  method i s  used i n  t h e  resonance method of molecular beams 

[l]. 

molecules by IV @. timeso 

The use of sor ted  molecules makes possible  increasing t h e  number of ac t ive  , 

h.u 
The maximum densi ty  of t he  molecules i n  t h e  beam i s  determined from the  

condition t h a t  there would not be co l l i s ions  between t h e  beam molecules during 

t h e  time t h e  molecules were i n  the high-frequency rad ia t ion  f i e l d ,  It can be 

-I---- L L - A  &L- ...--- Cnnn --+h ..P t h e  m n l t s c - r l e q  in t.he heam e111als  apnroximatelv r---- -- "I*""*.. " I A U Y  "..I I'."--- -- -- 
t h e  mean f r e e  path of molecules i n  a gas i f  t h e  densi ty  of the gas molecules i s  

equal t o  t h e  densi ty  of t h e  beam molecules, 

In using the  molecules sorted according t o  ro t a t iona l  s t a t e s ,  t he  maximum 

beam densi ty  i s  determined from the condition t h a t  there  be no co l l i s ions  between 

the  molecules while i n  the  sor t ing  e l e c t r i c  f i e l d  and i n  t he  radiatior,  f i e l d ,  2 

2, Sens i t iv i ty  of the Spectroscope 

The spectroscope s e n s i t i v i t y  is determind by t h e  noise l eve l  of the c rys t a l  

detector  through which the  energy absorption of t h e  gas molecules i s  observed. 

- ~ - _ - - -  

2, It should be noted t h a t  t h e  gas-kinetic diameter of molecule co l l i s ions  
i s  less than t h e  microwave diameter of co l l i s ions .  
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varies 
Since a t  low powers, t h e  c r y s t a l  noise 

power a t  t h e  c rys t a l ,  then t h e  s e n s i t i v i t y  of the spectroscope increases with 

t h e  increase of t h e  absolute value of t h e  power absorbed by the  molecules. 

magnitude of the  power absorbed by the molecules i s  proportional t o  t h e  power 

of t h e  high-frequency rad ia t ion  through which t h e  molecular beam passes i f  there  

i s  no sa tura t ion  effect .  

s l i g h t l y  with the  var ia t ion  of t h e  

The 

L e t  us determine t h e  optimal amount of.power of t h e  high-frequency rad ia t ion ,  

The probabi l i ty  of a molecule t r ans i t i on  f r o m t h e  m s t a t e  t o  the  n s t a t e  i n  

t h e  time i , under the  act ion of radiation, is determined by t h e  formula [2 ] :  

1 
v -  
- -  

3h2(AV 

~ ( v )  

is  t h e  half-width of t h e  spec t ra l  l i nes3  

is t h e  densi ty  of the  radiat ion energv of the  high-frequency f i e l d ;  AY 

rf: is  t h e  matrix element of the 

., -8 3 .  .. - - ___-- * 
J 1 1 U . L C b U . L ~  u r y w r w  UIWJIIVAAU 

The time t h e  molecule remains i n  t h e  rad ia t ion  f i e l d  i s  determined by t h e  

magnitude of 2 , t h e  time t h e  beam molecules a re  i n  t h e  high-frequency f i e l d .  

The time t h e  molecule remains i n  a given s t a t e  i s  determined by the  magnitude 

of * which is  r e l a t ed  t o  t h e  radiat ion f i e l d  densi ty  p ( Y )  . If V < % , then 

sa tura t ion  approaches, whereQpon the spec t r a l  line-width w i l l  bedetermined not 

by t h e  time ‘Z , but bv t h e  life-time of t h e  molecule i n  t h e  givenstate, i.e., 

by Y e  

If ‘Y > 7 ,  then not a71 t h e  act ive molecules take  pa r t  i n  t he  energy 

absorption during the  time they are i n  t h e  high-freouency f i e l d ,  

value of p(V) should be chosen so t ha t  % - y  5 hence 43% of the  ac t ive  

The optimum 
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Molecules take  pa r t  i n  t h e  a b ~ o r p t i o n . ~  The maximum possibJe value of t h e  

absorbed energy is  obtained when one half  t h e  ac t ive  molecules hake a transrit ion from 

a lower s t a t e  t o  a higher, 

Thus the  optimal densi ty  of rad ia t ion  p ( V )  i s  determined by t h e  
opt 

eaua l i t y  

(8) 7 =T 

Hence, taking (7) and (1) i n t o  acceunt,a-we obtain 

(9) 

For t h e  po ( v )  f i d d  density, t h e  beam molecules absorb energy equal to" P t  

(10) Eabs = 00.43 Nacth* 

It should be noted t h a t  popt(v) depends, f o r  t r ans i t i ons  between l eve l s  

with given J , a l so  on M r  , consequently, as pGpt(V) should be  taken some 

average value of t he  optimum values f o r  each Ziernann componento 

When molecular beams a re  used t h e  ene rm densi ty  p(Y) which i s  obtained 

i e ennsidavshly ~m~~ t h n n  t h e  ezeysr !$natty t z - t k e  ~ ~ - = ~  -zdi- n ; ~ ~ t y , ~ : ; ~ y ,  

since i n  t h e  beam case narrower l ines  are obtained. It i s  easy t o  show t h a t  

f o r  low values of energy flow, use of a superheterodyne receiver  gives an un- 

doubted advantage i n  sens i t iv i ty .  If t h e  flow of power equals P , then the  

rn i f imum observable var ia t ion  i n  power within t h e  background noise when a super- 

heterodyne receiver i s  used equals 

where Pn i s  t h e  neise powes, 

The magnitude of 

Dass band Af equals 

3, It should be 
A V  - A*&?,  

A P - 2  

t ho  noise power f o r  a superheterodyne receiver  with t h e  

kept i n  mind'that a t  S ='Y t h e  l i n e  i s  broadened bv 
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(12) Pn - FkTAf 

where F i s  t h e  noise-factor of the receiver.  

Let us consider d i f f e ren t  variations of using molecular beams t o  study 

t h e  ro t a t iona l  spectra  of molecules. 

3. Spectroscope with a waveguide absorbing c e l l  

Le t  t h e  electromagnetic radiat ion be propagated along t h e  ox axis i n  

which t h e  ground wave is  excited ( f ig ,  1). 

According t o  (9), t h e  optimum power of t he  energy flow eguals 
. .  

(13) 

where c is  t h e  veloci ty  of l i g h t ,  

I f  a molecular beam passes para l le l  t o  t h e  oy axis through such a waveguide 
4 s  

1 brmdming / I then t h e  Doppler ' of the spec t ra l  

T 
- 

x . d 
l i n e s  w i l l  not exist s ince t h e  phase 

I t 

I veloc i ty  of propagating t h e  ground wave / I  .~ 

1 VU JI / d  i n  t h i s  d i rec t ion  i s  i n f i n i t e ,  If a 

Figure 1 
divergent molecular beam is  used, then 

it is necessary that t h e  Doppler broadening 

because of t h e  vx veloci ty  component of the  molecule whould give a Doppler 

l i n e  width less than t h e  l i n e  width r e l a t e d  t o  t h e  time t h e  molecules are i n  

t h e  rad ia t ion  f i e l d ,  i,e,, 

0-4) v~ ' nyv0 J Z ~  
0 

Therefore, t h e  admissible scat ter ing angle of t he  beam molecules w i l l  be 

The expression (1s) shows tha t  only pa r t  of the  molecules of the beam, 
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which leave the slot source, can be used t o  observe t h e  ro t a t iona l  l ines .  

If there  a re  K ve r t i ca l  slots of area a i n  the  source, then the  fo l -  

lowing number of ac t ive  molecules w i l l  flow through t h e  waveguide: 

where 

t h e  geometry of t he  apparatus. 

$ i s  t h e  use coef f ic ien t  of t h e  molecular beam determined by (15) and 

The amount of energy absorbed by these molecules equals, according t o  (lo), 

(17) 

According t o  fll.), for t h i s  absorption of 

e ondition 

(18) 

must be f u l f  I led.  The quan 

energy t o  be observed, t h e  

t r a n s i t i o n  J = 1-J 5 2 of a molecule of CsF L e t  K = 200; 8 = 0,03 3 

a = 0.01 cm2 ; b - d = 1 cm j n = lox5 I$\ - 3 2 2  po )lo = 7.3°10018 CGSE ; 

Y =  17700 mc j T = 850’ C F = 40 A f  = 0.1 cps e Then AV- 7 kc ; E = 3*10m1*W; 

P e: W ; Pn = 2 0 1 0 ~ ~ ~  W j bPmin = 6 0 1 0 ” ~  W . 
Therefore, a 50 times increase of  s igna l  over noise! can be expected. 

The spectroscope described h e p  used up 75 gr. of substance i n  one hour. 

I n  the  computations c i t ed  above, the  poss ib f l i t y  was not taken i n t o  account 

The use of molecules soyted i n t o  of sor t ing  t h e  molecules bv rotat ional  s ta tes .  

s t a t e s  i s  considered below when a cavi ty  resonator i s  used as the  absorbing ce l l .  
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4. SpectiPoscope with a cav i ty  resonator 

As absorbing c e l l ,  l e t  a rectangular resonator be used, i n  whfch Holl 
o s c i l l a t i o n  i s  excited. If a molecular beam passes through t h i s  resonator i n  

broadening 
t h e  ox direct ion;  then there  will not be any Doppler of t h e  spec t ra l  

l i n e s  s ince the  phase veloci ty  of the electromagnetic.wave propagation w i l l  be 

i n f i n i t e  i n  t h i s  direction. 

If a divergent beam b-e used, then it is  necessary t h a t  t h e  Doppler width of  

t h e  l i n e  because of t h e  v and v i  veloci ty  components should be less than t h e  

width of t he  l i n e  specif ied bg the  time f o r  t h e  molecule t o  pass through the 

T 

resonator, i.e*, 
C 

v r =  ' nrvo i m -  
Therefore, t h e  admissible beam sca t t e r ing  angle is determined bv t h e  condi- 

t he  oy di ree t ion  equals the  phase ve loc i ty  of t h e  wave i n  the  oe direct ion,  

I n  order t o  sus ta in  t h e  optimum f i e l d  dens3ty p(v) within the  cavi ty  

i n t o  the  resonatzr:  
opt 

resonator, it i s  necessary t o  introduce the energy P 

where Q is the  qua l i t y  of t h e  resonatoro 

I n  t h e  der ivat ion of (21), t h e  energy was considered t o  be d is t r iSuted  

u n i f o d y  over t h e  cavi ty  resonator. 

i n t o  t h e  resonator decreases t h e  growth of Q proportionally,  Consequently, 

as follows from (ll), i n  order t o  increase the  sensi t . ivi ty  of the  spectrwcopc 

t h e  Q of t h e  resonator must be increased, Tn order  t o  obtaiin a high Q i n  

A s  seen from (21), introducing the  e n e q y  
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the  resonator,  it i s  necessary t o  eliminate t h e  losses  because of t he  openings 

i n  t h e  resonator through which t h e  molecule beam passes. This can be a t ta ined  

by using a s  a blocking f i l t e r  a section of a cy l indr ica l  waveguide which has a 

c r i t i c a l  waveAless than the  wave-length of t h e  molecule radiat ion,  
l e n g t h  

The Q of the resonator can be increased considerably by means of regener- 

a t ion  with t h e  a id  of a t rave l ing  wave tube. The Q of t h e  resonator can a l so  

be made suf f ic ien t17  high i f  t he  resoriator be cooled t o  the  superconducting 

s t a t e .  

The number of act ive molecules obtained from a s l o t  using so r t ing ,  equals 

where f3 i s  the  use coef f ic ien t  of t h e  beam molecules determined by (20)  and 

the  geometry of t h e  apparatus, 

The  amount of t h e  energy absorbed bv these molecules e a l s ,  according 

t o  (101, 

2 
Eabs 

Pn < - 
bpOpt 

The quantity Popt i s  determined from (21), The magnitude of the noise 

i s  determined from (12), 

The use of molecules sor ted according t o  r o t a t i o n a l s t a t e s  makes possible  

t h e  study not only of t h e  absorption spectrum of molecules, but t h e  rad ia t ion  

spectra  of molecules s ince it is  possible t o  s o r t  molecules a s  desired from t h e  

beam, which-are e i t h e r  i n  t h e  lower or  upper s t a t e  of t h e  considered t r ans i t i on ,  

Bv using molecular beams i n  which there  a re  no molecules i n  t h e  lower s t a t e  

of t h e  considered trans-i-tion, a molecular generatop can be made. The operating 

pr inc ip le  of a molecular generator i s  t h e  following, 
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A sor ted  molecular beam, w i t h  no molecules i n  the  lower state of t h e  con- 

sidered t r ans i t i on ,  i s  passed through the cavi tv  resonator. 

the  molecules a re  i n  the  cavi tv  regonator, pa r t  of the  molecules make a t r a n s i t i o n  from 

the  upper s t a t e  t o  t h e  lower losing energv t o  t h e  cavi tv  resonator. 

During t h e  time 

If t h e  

power loss within ' the  resonator i s  l e s s  than t h e  radiat ion power of t he  molecule 

then self-exci ta t ion approaches, wherein the  power i n  t h e  ,resonator increases  t o  

a quant i ty  determined by t h e  saturat ion e f f ec t  , Therefore, se l f -exc i ta t ion  

approaches , if  

(25) 

where %ass i s  t h e  power loss i n  t he  c a d t y  resonator; namely, 

Assuming t ha t  the energv i n  the cavi tv  resonator i s  d i s t r ibu ted  uniformly 

over t h e  resonator, l e t  us write EpoD a s  

(27)  EDOp - p(*) V 

where V i s  t h e  resonat%r volume, 

On t h e  bas i s  of (25)-( 27) we obtain the  se l f -exc i ta t ion  condition a s  

(28) 

The steady s t a t e  of t h e  generator i s  determined by the  sa tura t ion  e f f ec t ,  

The l imi t ing  amount of t h e  power which can be obtained from such a generator i s  

A s  an example l e t  us consider t h e  poss ib i l i t y  of observing t h e  ro t a t iona l  

t r a n s i t i o n  J = 0-J = 1 of a CsF molecule. A temperature of 5750 K i s  

necessarv t o  obtain a molecular beam, wherein 0,00025 par t  of t h e  t o t a l  number 

of molecules i s  i n  t h e  zero rotat ional  s t a t e  (J  = O), I 
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A flow of lofi molecules per second can be obtained f o r  a 1' beam wi'dth, 

There a re  6.109 of these molecules i n  t h e  J - 0, vp 0 s t a t e .  ApDroximately 

t h e  same number of molecules a r e  i n  t h e  

no.molecules i n  t h e  

molecules which is  found i s  t h e  m e r  of dct ive molecules, 

J = 1, MJ = 0, v = 0 s t a t e .  Since 

J = 0, v = 0 s t a t e  a r e  i n  the  beam, then t h e  number of 

The maximum energy which can be radiated i n  the resonator equals 

(30) Emax - 106*10-14 W 

We f ind  t h e  Q of t he  resonator from (28), f o r  which se l f -exc i ta t ion  is  

obtained : 

(31) 

L e t  

(32) Q > 7010~ 
V = 5 cm3 , = solo7 seceo2 , then i n  t h e  given case 

Since it i s  p r a c t i c a l l y  impossible t o  make such a resonator, tnen ,se l f -  

exci ta t ion i s  a l s o  impossible i n  our case. 

not being. t he  limit by f a r  i n  our case f o r  a mean free path of 

However, i n  v i e w  of t h e  beam densi ty  

1 cm , t h e  

se l f -exc i ta t ion  region can be realized f o r  pract ical ly-at ta inable  Q's which 

exceed t h e  molecular beam density considerably, 

For t h e  easi ly-at ta inable  Q YJ 5.103 and f o r  t h e  number of ac t ive  mole- 

cules  ~ 3 . 1 0 9  ro t a t iona l  t rans i t ion  can be studied with the  help of induced 

radiat ion,  

t o  have i n  order t o  c rea t e  t h e  optimum energy dens i ty  f o r  induced molecule radi-  

a t i o n  i n  t h e  resonator, As a consequence of ])I:\ = \$I t he  magnitude of POpt 

can be obtained from ( 2 1 ) :  

( 3 3 )  Popt = I ~ . 9 * 1 0 " ~  W 

L e t  us f ind  t h e  magnitude o€ t h e  power which it would be necessary 

According t o  (24), t he  observed var ia t ion  of t h e  power f o r  F = 40, 

A f  = 0.1 cps equals t h e  minimum 



(34)  

i.e,, an increase  of signal over noise of 7 times i s  obtained f o r  t h e  spec i f ied  

beam density,  
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On Possible Methods of Obtaining Active Molecules 

f o r  a Molecular Generator 

N. G, BASOV 81 A .  M, PROKHOROV 

Zh. Eksp, Teor, Fiz., vol, 28, No, 2, 1955, pp, 249-250 

A s  was shown i n  [l], molecular beams must be used t o  c r ea t e  high resolving 

power spectroscopes, 

ing  a molecular generator. 

In  t h e  same paper, t he  poss ib i l i t y  was indicated of crest- 

It was proposed t o  obtain the  ac t ive  molecules t o  

produce t h e  self-exci ta t ion region i n  t h e  molecular generator by def lec t ing  

molecules of a beam i n  inhomogeneous e l e c t r i c  o r  magnetic f i e lds .  Such a method 

of obtaining ac t ive  molecules was applied i n  constructing a molecular generator 

r 2 i .  

There is  s t i l l  another method of obtaining act ive molecules: namely, t h e  

preliminarv exposure of the  molecular beam t o  an auxi l ia ry  high-frequency f i e l d  

causing resonance t r ans i t i ons  between the  d i f f e ren t  molecule levels .  

on f igu res  1 and 2 a re  possible variations of using t h e  auxi l ia ry  r ad ia t ion  

Indicated 

freauencv V---- t o  enrich t h e  utmer l e v e l  i n  order t o  obtain a se l f -exc i ta t ion  
u -. 

region a t  t h e  frequency Pr ._ 
f 3 

* JW. 
2 

Figure 1 Figure 2 

I n  t h e  case shown i n  f igu re  1, the  ac t ive  molecules a t  t h e  first l e v e l  a r e  

obtained a t  t he  emense o f  t h e  t ransfer  of t h e  molecules by the  high-frequencv 

f i e l d  t o  t h e  t h i r d  level .  Xf €he high-frequencv f i e l d  possesses suffieient’power 

s o  t h a t  a sa tura t ion  e f f ec t  i s  attained, then t h e  number of ac t ive  molecules 



equals 

where $ i s  t h e  number of molecules a t 3 h e  i - t h  level.  

The number of ac t ive  molecules a t  t h e  first l e v e l  increases as  the  increase 

i n  t h e  difference i n  t h e  energy between the  first and t h i r d  l e v e l s  r e l a t i v e  t o  

t h e  difference i n  energy between the f i rs t  and second levels . - -Here i t  shduld be 

taken i n t o  account t h a t  t he  number of molecules a t  the leve ls  i n  thermal equil-  

ibrium i s  determined by the  Boltzmann f ac to r  

where Ei i s  t h e  energv of t he  i - t h  level; T i s  t h e  absolute temperature of 

t h e  beam molecules. 

The ssme zmsldera t ions  are ccrrect i,n t h e  case ~ i c t l . ~ e d  ir! f i g ~ e  2, only 

instead of an increase i n  the  number of molecules a t  t h e  first l eve l ,  here there  

occurs a decrease i n  t h e  number of molecules a t  t he  second leve l .  In  t h i s  case, 

t n e  numDer 01 accive molecules equals 

(3) 

The methods w e  proposed can be used, f o r  example, i n  t h e  following caseso 

1) Levels 1 and 2 a re  neighboring ro ta t iona l  leve ls  belonging t o  the  

same osc i l l a to rv  s t a t e  of the molecule but l eve l  3 belongs t o  an adjacent 

o sc i l l a to ry  s t a t e  of  t h e  molecules i n  which the  ro t a t iona l  auantum number of 

t h i s  l e v e l  d i f f e r s  from t h e  ro ta t iona l  quantum number of l eve l s  1 and 2 by 

BfT 5 0, + 1 . - 
It is su i t ab le  t o  use t h e  t r ans i t i ons  between t h e  o sc i l l a to ry  l eve l s  with 

the  BJ = + 1 variat ion since, i n  t h i s  ease,  no verv high requirements a r e  

produced on t h e  monochromatieitv of t h e  auxi l ia rv  radiation, Because of 

- 



t r ans i t i ons  between osc i l l a tb ry  levels ,  t he  ma.jority of molecules drop i n t o  t h e  

infra-red region of the-spectrum, then t h e  auxi l ia ry  rad ia t ion  must belong t o  

t h i s  frequency range, It should be noted t h a t  t he  power of thermal sources of 

infra-red radiat ion i n  existence at present i s  inadequate t o  obtain t h e  sa tura t ion  

effect .  

2 )  Levels 1, 2 and 3 a re  ro ta t iona l  l eve l s  of t h e  molecule of t h e  

a s m e t r i c a l  gyroscope tvpe, 

3) Levels 1 and 2 a re  levels of superfine s t ruc tu re  belonging t o  ident- 

i c a l  ro ta t iona l  s t a t e s  and l e v e l  3 i s  a l e v e l  of superfine s t ruc tu re  of a 

neighboring ro t a t iona l  l e v e l  w i t h  resnect t o  1 and 2 5 

4) Levels 1 and 2 a re  levels  m e c i f i e d  bv an inversion twin belonging 

t o  iden t i ca l  ro ta t iona l  s t a t e s  and level 3 i s  one of the inversion l eve l s  of 

t h e  neighboring ro t a t iona l  s t a t e .  

The proposed methods can perTnit obtaining a su f f i c i en t  number of ac t ive  

molecules t o  c rea t e  low-freuuency molecular generators. 
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x This method i s  unsuitable for  l i n e a r  molecules f o r  which the  t r a n s i t i o n  
between l eve l s  of superfine s t ructure  f o r  AJ 5 0 is forbidden, 


